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Abstract
The Z ′-gauge boson in an U(1)Lµ−Lτ gauge symmetry has two interesting features: one is its
vector couplings to the charged leptons, and the other is the decoupling from the electron. Based
on these properties, we investigate the feasibility to simultaneously resolve the RK(∗) = BR(B →
K(∗)µ+µ−)/BR(B → K(∗)e+e−) and RD(∗) = BR(B¯ → D(∗)τ ν¯τ )/BR(B¯ → D(∗)ℓν¯ℓ) anomalies in
an U(1)Lµ−Lτ model, where the former is expected to arise from the Z
′-penguin-induced b→ sµ+µ−
process and the latter from the tree-level b→ cτ ν¯τ decay. In order to achieve the intended purpose,
we employ one vector-like doublet lepton and one singlet scalar leptoquark (LQ), in which the new
particles all carry the U(1)Lµ−Lτ charges; the b → sZ ′ effective interaction is generated from
the vector-like lepton and LQ loop, and the b → cτ ν¯τ decay is induced from the LQ. When the
constraints from the b → sγ, B+ → K+νν¯, B−c → τ ν¯τ , ∆F = 2, and τ → µℓℓ¯ processes are
included, it is found that RD and RD∗ can be enhanced to fit the experimental data, and the
Wilson coefficient C9 from the LQ-loop can reach C
LQ,µ
9 ∼ −1, which can explain the RK and RK∗
anomalies. In addition, in this simple model, the Higgs lepton-flavor violating h → µτ decay can
occur at the tree level, and its branching ratio can be as large as the current experimental upper
limit.
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I. INTRODUCTION
A 2.6σ deviation from the standard model (SM) prediction in RK = BR(B
+ →
K+µ+µ−)/BR(B+ → K+e+e−) with RK = 0.745+0.090−0.074 ± 0.036 was earlier reported by
the LHCb collaboration in [1], where BR(B+ → K+ℓ+ℓ−) (ℓ = e, µ) denotes the branching
ratio (BR) of the B decay; the integrated dilepton invariant mass square range is 1 < q2 < 6
GeV2, and the SM prediction is unity in that region [2]. Intriguingly, LHCb recently finds
a similar deviation in RK∗ = BR(B
0 → K∗0µ+µ−)/BR(B0 → K∗0e+e−) as [3]:
RK∗ =

 0.66
+0.11
−0.07 ± 0.03 for 0.0045 < q2 < 1.1 GeV2 ,
0.69+0.11−0.07 ± 0.05 for 1.1 < q2 < 6.0 GeV2 .
(1)
The SM prediction at leading order is RK ≈ RK∗ ≈ 1. When QED radiative corrections are
included, it is found that the influence on RK,K∗ does not exceed a few percent [4]. Thus,
the importance of Rexp
K(∗)
< RSM
K(∗)
indicates a violation of lepton-flavor universality [2].
The lepton-flavor universality is also confronting a test in the terms of b → cτ ν¯τ decay.
BaBar [5, 6], Belle [7–9], and LHCb [10, 11] experimentally observed excesses in the ratios
of BR(B¯ → D(∗)τ ν¯τ ) to BR(B¯ → D(∗)ℓν¯ℓ), and the averaged values are obtained as [12]:
RD = 0.407± 0.039± 0.024 ,
RD∗ = 0.304± 0.013± 0.007 , (2)
where the SM predictions using different approaches are closed to each other, and they
are given as: RD = 0.299 ± 0.011 [13], RD = 0.300 ± 0.008 [14] in lattice calculations,
and RD = 0.299 ± 0.003 [15]; RD∗ = 0.252 ± 0.003 [16], RD∗ = 0.262 ± 0.010 [17], and
RD∗ = 0.257±0.003 [15]. The measurements of RD and RD∗ exceed the SM results by around
2.3σ and 3.4σ, respectively. When the correlation between RD and R
∗
D is considered, the
deviation from the SM is about 4.1σ [12]. Based on these observations, various interesting
extensions of the SM have been proposed to explain anomalies [18–79].
It is known that the B¯ → D(∗)ℓ′ν¯ℓ′ (ℓ′ = e, µ, τ) decays are theW -mediated tree processes
in the SM; however, the B → K(∗)ℓ′+ℓ′− decays are flavor-changing neutral current (FCNC)
processes, and are generated at the one-loop level, including box and penguin diagrams. If
the RD(∗) and RK(∗) anomalies simultaneously arise from the tree diagrams from the same
source (e.g., a scalar leptoquark), inevitably, they will encounter the strict bounds from the
∆F = 2 [20, 27, 44, 58], B−c → τ ν¯τ [31, 39, 79], and b→ sνν¯ decays [27, 34, 44]. Therefore,
2
if a unified resolution to RD(∗) and RK(∗) is from the tree level, which is the approach most
frequently used in the literature, it is better that the interactions involved are from different
media.
In this study, we propose that, like the situation in the SM, the b→ sµ+µ−(τ+τ−) decay
arises from a penguin diagram, whereas the b→ cτ ν¯τ decay is produced through a tree-level
charged current. It is found that the proposed effects can be easily achieved in a gauged
U(1)Lµ−Lτ model, where the associated Z
′-gauge boson only couples to the µ- and τ -lepton,
but not to the electron [80, 81]. In the literature, an U(1)Lµ−Lτ model with vector-like
quarks (VLQs), which is used to resolve the B → K(∗)µ+µ− anomalies arising from tree
effects, was studied in [20, 25, 35]. Although the loop-induced b → sµ+µ− decay can be
generated by the Z2-odd VLQs and scalar [42], the new physics effects cannot be applied
to the b → cτ ν¯τ decay. The authors in [21] resolved the b → sµ+µ− decay issue with the
gauged Lµ−Lτ symmetry when doublet and singlet VLQs and a second Higgs doublet were
introduced to the model. In spite of the attractive implications on other flavor physics, the
FCNC b→ sµ+µ− process was induced at the tree level through the mixing between VLQs
and the SM quarks. Here, we provide an alternative version without the vector-like quarks
and second Higgs doublet.
The remainder of this paper is organized as follows. We introduce the model and the
resulting effective interactions for b→ cτ ν¯ and b→ sℓ′+ℓ′− in section II. We discuss possible
potential constraints in section III, where they include the neutrino trident production,
b→ sγ, Bc → τν, ∆F = 2, and τ → µℓℓ¯ processes. The physical implications on RD(∗), C9
Wilson coefficient, h → µτ decay, and muon anomalous magnetic dipole moment ( muon
g − 2) are also shown in this section. The summary is given in section IV.
II. THE MODEL AND THE EFFECTIVE INTERACTIONS FOR b → cτ ν¯τ AND
b→ sℓ′+ℓ′−
Since violation of lepton-universality concerns lepton properties, we assume that the
breaking effects only occur in the lepton sector; that is, only leptons or particles carrying
a lepton-number can have the U(1)Lµ−Lτ charges. If the flavor-changing b → sZ ′ and
b → cτ ν¯τ arise from the same origin, the most promising mediator is a leptoquark (LQ),
which can couple to a quark and a lepton at the same vertex. Thus, in order to generate
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the b → sZ ′ and b → cτ ν¯τ decays from the same mediator via a loop and a tree diagram,
respectively, we introduce the vector-like doublet lepton LT4 = (2,−1/2), the singlet scalar
LQ Φ−1/3 = (1,−1/3), and the singlet scalar S = (1, 0) under (SU(2)L, U(1)Y ) gauge
symmetry, where S is responsible for the spontaneous U(1)Lµ−Lτ symmetry breaking, for
which the U(1)Lµ−Lτ charges of the relevant particles are given in Table I. Particles not
shown in the table have no U(1)Lµ−Lτ charges. The earlier studies using the same singlet
leptoquark to explain the RD(∗) anomalies can be found in [27, 44, 56]. Accordingly, the
gauge invariant Yukawa couplings are expressed as:
−LY = L¯ℓY ℓHℓR +
(
L¯τ iτ2gPRQ
c
L + τ¯RwPLu
c
R + L¯4Lfiτ2PRQ
c
L
)
Φ−1/3
+ yτ L¯4LHτR + y
′
µL¯µL4RS +mLL¯4LL4R +H.c. , (3)
where we suppressed the quark-flavor indices, LTℓ = (νℓ, ℓ)L and Q
T
L = (u, d)L are the left-
handed doublet lepton and quark, respectively, QcL is the charge-conjugate of QL, L
T
4 ≡
(Nτ ′ , τ
′), and H is the SM Higgs doublet. From Eq. (3), it can be seen that only τ and
vector-like leptons can couple to the scalar LQ. Since the scalar potential was discussed
in [82, 83], we skip this explanation. If we take S = (vS + φS)/
√
2 with vS being the
vacuum expectation value (VEV) of S, the Z ′ mass can be obtained as mZ′ = 2gZ′vS in this
model [82]. Although these new Yukawa couplings generally are complex, in the following
analysis, we take these parameters to be real numbers.
TABLE I: U(1)Lµ−Lτ charges of involving leptons, scalar LQ, and S.
e µ τ L4 Φ
−1/3 S
Lµ − Lτ 0 1 −1 −1 −1 2
If we decompose Eq. (3) and use the quark mass eigenstates, the relevant Yukawa cou-
plings can be written as:
−LY ⊃ (ν¯τgPRdcL − τ¯g′PRucL + τ¯wPLucR) Φ−1/3 +
(
N¯τ ′fPRd
c
L − τ¯ ′f ′PRucL
)
Φ−1/3
+
yτ√
2
(v + h)τ¯ ′PRτ +
y′µ√
2
(vS + φS) (ν¯µPRNτ ′ + µ¯PRτ
′) +H.c. , (4)
where g′ ≡ gVT, f ′ ≡ fVT , V = UuLUd†L denotes the Cabibbo-Kobayashi-Maskawa (CKM)
matrix, Uu,dL are the quark-flavor mixing matrices for diagonalizing the quark mass ma-
trices, and the flavor mixing matrices of UdL and U
u
R can be absorbed into g(f) and w,
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respectively. Following Eq. (4), the tree diagram for b → cτ ν¯τ and the penguin diagram
for b → sµ+µ−(τ+τ−) are sketched in Fig. 1. Accordingly, the effective Hamiltonian for
b→ cτ ν¯τ can be written as:
HLQb→c =
g2g
′∗
3
2m2Φ
c¯γµPLbτ¯γ
µPLντ
+
w2g
∗
3
2m2Φ
(
−c¯PLb τ¯PLντ + 1
4
c¯σµνPLb τ¯σ
µνPLντ
)
, (5)
where mΦ is the LQ mass, and the Fierz transformations have been used. The four-Fermi
interactions for the penguin b→ sℓ′+ℓ′− can be formulated as:
HLQb→s = −
GFV
∗
tsVtb√
2
αem
π
CLQ,ℓ
′
9 s¯γµPLbℓ¯
′γµℓ′ , (6)
CLQ,ℓ
′
9 =
f2f
∗
3Xℓ′
(4π)2CSM
g2Z′m
2
L
m2Φ(q
2 −m2Z′)
J0
(
m2L
m2Φ
)
, (7)
J0(x) =
1
x− 1 −
ln x
(x− 1)2 ,
where Xe,µ,τ = (0, 1,−1) are the lepton U(1)Lµ−Lτ charges, CSM = GFV ∗tsVtbαem/(
√
2π) ≈
−8.14 × 10−10 GeV−2, and q2 is the dilepton invariant mass. It can be seen that like the
enhancement factor m2t/m
2
W in the SM, we have the potential enhancement factor m
2
L/m
2
Φ
in CLQ,ℓ
′
9 . Although the Z
′-gauge boson can emit from the LQ inside the loop, since the
diagram is suppressed by mb/mL, we have ignored its contribution. We note that the lepton
current in Eq. (6) has no axial-vector current, the Bs → µ+µ− decay cannot provide a strict
bound on the parameters. In the following discussions, we focus on CLQ,µ9 in Eq. (7) since
we consider the b→ sµ+µ− process.
bL ντ
Φ1/3
c τ
bL Nτ ′ sL
Z ′ µ, τ
µ, τ
Φ1/3
FIG. 1: Sketched Feynman diagrams for the b→ cτ ν¯τ and b→ s(µ+µ−, τ+τ−) decays.
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III. PHENOMENOLOGICAL DISCUSSIONS AND NUMERICAL ANALYSIS
In the following numerical estimations, we take the values of the parameters as:
GF ≈ 1.166× 10−5GeV−2 , Vcb ≈ 0.04 , Vts ≈ −0.04 , Vtb ≈ 1 ,
mt ≈ 174GeV , mB,Bs,Bc ≈ (5.28, 5.37, 6.28)GeV , mb(c) ≈ 4.6(1.3)GeV . (8)
For illustrating the constraints of new free parameters, we fix the LQ mass to be mΦ = 1000
GeV, unless stated otherwise.
A. Constraint from the neutrino trident production
To calculate the penguin contribution, we need to know the constraints of gZ′ and mZ′.
If we focus on mZ′ > 10 GeV, basically, two main experiments are involved: one is neutrino
trident production [20, 84], and the other is the Z → 4ℓ measurement [35, 85]. According
to the results in [35], the limit from the neutrino trident production can be expressed as
gZ′/mZ′ < 1.9 × 10−3 GeV−1 and is stronger than that from the Z → 4ℓ process when
mZ′ > 40 GeV. If we take gZ′/mZ′ ∼ 1.8×10−3 GeV−1 and mL/mΦ ∼ 2, then CZ
′,µ
9 ∼ −1.1,
which is used to explain RK(∗) anomalies, can be achieved when f2f
∗
3 ∼ 0.06 is taken.
However, we need to further investigate if the required value of f2f
∗
3 can be satisfied by the
current data. We note that when gZ′/mZ′ ∼ 10−3 GeV is used, we have mZ′ . 3.5 TeV for
gZ′ ≤
√
4π due to the perturbativity requirement. In addition, due to vS = mZ′/(2gZ′), we
obtain vS ≥ 263 GeV from the neutrino trident production constraint.
B. Constraints from flavor physics and LHC
In the following, we discuss the possible constraints from flavor physics, such as the
b → sγ, b → sνν¯, B−c → τ ν¯τ , ∆F = 2, and τ → µℓℓ¯ processes. Since our motivation is to
demonstrate whether b → sZ ′ and b → cτ ν¯τ , which are induced from the same mediator,
can simultaneously resolve the RK(∗) and RD(∗) anomalies in the gauged Lµ−Lτ model, but
not to give global fitting to all experimental data, for simplicity, we will take the irrelevant
parameters to be small or non-existent in the following discussions.
The similar loop effects for b → sZ ′ shown in Fig. 1 can also contribute to the radia-
tive b → sγ decay, but the photon can only be emitted from the charged LQ. Hence, the
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dimension-5 electromagnetic dipole operator from the LQ loop can be easily obtained as:
HLQb→sγ = −
V ∗tsVtb√
2
CLQ7γ
[mbe
4π2
s¯σµνPRbF
µν
]
, (9)
CLQ7γ = −
√
2
GFV ∗tsVtb
QΦf2f
∗
3
4m2Φ
J1
(
m2L
m2Φ
)
,
J1(x) =
1
12(x− 1)2 +
x(x+ 2)
6(x− 1)3 −
x2 ln x
2(x− 1)4 ,
where QΦ = −1/3 is the electric charge of Φ−1/3. With the values of parameters used in
Sec. IIIA and |f2f ∗3 | ∼ 0.06 for CLQ,µ9 ∼ −1, we get |CLQ7γ | ∼ 4.5 × 10−4, which is three
orders of magnitude smaller than the SM result of |CSM7γ | ∼ 0.3. Clearly, the b→ sγ decay
cannot significantly bound the parameter f2f
∗
3 .
Next, we discuss the limit from the b → sνν¯ decay. Compared with the inclusive de-
cay mode, the experimental measurement in the exclusive channel is more closer to the
theoretical prediction; therefore, we consider the constraint from B+ → K+νν¯, where the
SM prediction is BRSM(B+ → K+νν¯) ≈ 4 × 10−6 [86], and the current upper limit is
BRexp(B+ → K+νν¯) < 1.6× 10−5 [87]; that is, the new physics effects can at most enhance
the SM result by a factor of 4. In this model, it is found that the b → sνν¯ can be induced
from tree and loop diagrams. Except where only the left-handed neutrinos are involved, the
loop contribution is the same as that for b→ sℓ′+ℓ′−. Thus, from Eqs. (4) and (6), the tree
and loop effective interactions can be combined as:
HLQb→sνν¯ = −CνLQ(s¯b)V−A(ν¯ν)V −A , (10)
C
νℓ′
LQ =
g2g
∗
3
8m2Φ
Cν +
C
LQ,νℓ′
9 CSM
4
with Cνe,νµ,ντ = (0, 0, 1), (f¯ f
′)V−A = f¯γµ(1− γ5)f ′. Since the induced four-Fermi operators
are the same as those in the SM, the BR for the B+ → K+νν¯ decay can be simply formulated
as:
BR(B+ → K+ν¯ν¯) = 1
3
(∑
ν
∣∣∣∣1− CνLQCνSM
∣∣∣∣
2
)
BRSM(B+ → K+νν¯) , (11)
CνSM =
GFV
∗
tsVtb√
2
αem
2π sin2 θW
X
(
m2t
m2W
)
≈ −2.81× 10−9
with X(y) ≈ 0.65y0.575 [88]. Using |CLQ,ν9 | ∼ 1, it can be seen that the loop contribu-
tion in CνLQ/C
ν
SM is C
LQ,ν
9 CSM/(4C
ν
SM) ∼ 0.07; that is, the Z ′-mediated penguin cannot
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significantly contribute to B+ → K+νν¯. If we take the tree diagram as the dominant
effect, to satisfy the current upper limit, the magnitude of g2g
∗
3 can be in the range of
−0.096 < g2g∗3 < 0.048. If we ignore the small CKM matrix elements, it can be seen
g2g
′∗
3 ≈ g2g∗3. Then, the contribution of the first term in Eq. (5) to RD(∗) can be written as:
RD(∗) = |1 + δ|2RSMD(∗) , δ ≈
√
2g2g
∗
3
8m2ΦGFVcb
. (12)
The magnitude of g2g
∗
3 can be determined as:
|g2g∗3| ≈
8m2ΦGF |Vcb|√
2
(√
RD(∗)
RSM
D(∗)
− 1
)
. (13)
Accordingly, we obtain |g2g∗3| ≈ 0.41 for RD = 0.4 and |g2g∗3| ≈ 0.25 for RD∗ = 0.3. It is
clear that the g2g
∗
3 effects bounded by the B
+ → K+νν¯ decay cannot suffice to explain the
observed RD(∗). Thus, we need to rely on the scalar- and tensor-type four-Fermi interactions
shown in Eq. (5) to resolve the RD(∗) excesses.
In addition to the B− → D(∗)τ ν¯τ decays, the effective interactions in Eq. (5) can also
contribute to the Bc → τ ν¯τ decay, and the BR can be formulated as:
BR(Bc → τ ν¯τ ) = BRSM(Bc → τ ν¯τ )
∣∣∣∣1 + m2Bcmτ (mb +mc)ǫP
∣∣∣∣
2
, (14)
where BRSM(Bc → τ ν¯τ ) ≈ 2.1%, ǫP =
√
2w2g
∗
3/(8GFVcbm
2
Φ), and the contribution from g2g
′∗
3
has been dropped. As pointed out by the authors in [31, 39, 79], due to the enhancement
factorm2Bc/mτ (mb+mc) ∼ 3.6, the Bc → τ ν¯τ decay can give a strict bound on the associated
parameter. Since the sign of w2g
∗
3 for enhancing RD(∗) is negative, with w2g
∗
3 ∼ −0.3, we
obtain ǫP ∼ −0.114. In this case, we get BR(Bc → τ ν¯τ ) ∼ 0.7 %. It can be seen that the
preferred values of w2g
∗
3 will destructively interfere with the SM so that BR(Bc → τ ν¯τ ) <
BRSM(Bc → τ ν¯τ ). Hence, the upper limit of BR(Bc → τ ν¯τ ) < 10% obtained in [79] cannot
severely bound the LQ couplings in this model.
The next constraint that we would like to focus on is the ∆F = 2 process in the neutral
meson system, where the associated observable is meson mass difference ∆mF . Based on the
analysis above, what we are concerned with is whether the parameters f2f
∗
3 and w2g
∗
3 can
largely suffice to explain the RK(∗) and RD(∗) anomalies. In order to focus on the Yukawa
couplings f2,3, g3, and w2, we can suppress the irrelevant parameters by using the scheme
with g1,2, f1, w1,3 ≪ 1. Then, we can ignore the constraints from ∆mK and ∆mBd and only
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need to focus on D− D¯ and Bs− B¯s mixings. With the taken scheme, ∆mD and ∆mBs can
be formulated as:
∆mLQD ≈
BDf
2
DmD
3(4π)2m2Φ
∣∣∣∣(f ′1f ′∗2 )2J2
(
m2L
m2Φ
)∣∣∣∣ , (15)
∆mLQBs ≈
BBsf
2
BsmBs
3(4π)2m2Φ
∣∣∣∣(f2f ∗3 )2J2
(
m2L
m2Φ
)∣∣∣∣ , (16)
J2(x) = − 1
x− 1 +
x ln x
(x− 1)2 ,
where the hadronic bag parameters BF and the meson decay constant fF are BD ≈ 1.18 [89],
Bs ≈ 1.28, fD ≈ 0.222 GeV [87], and fBs ≈ 0.231 GeV [90]. Due to f1, Vub, Vcb ≪ 1, the
Yukawa couplings f ′1,2 can be approximately expressed as f
′
1 ≈ f2Vus and f ′2 ≈ f2; that
is f ′1f
′∗
2 ≈ |f2|2Vus. It can be seen that the D − D¯ mixing can directly constrain the f2
parameter. Taking ∆mexpD ≈ 6.4 × 10−15 GeV and ∆mBs ≈ 1.17 × 10−11 GeV [87] as the
upper bounds, the limits on |f2| and |f2f ∗3 | can be obtained as:
|f2| < 4.84× 10−3
(
m2Φ
J2(m2L/m
2
Φ)
)1/4
,
|f2f ∗3 | < 1.23× 10−4
(
m2Φ
J2(m2L/m
2
Φ)
)1/2
. (17)
With mL/mΦ ∼ 2, it can be seen that |f2| < 0.21 and |f2f ∗3 | < 0.23. Compared to the
requirement of f2f
∗
3 ∼ 0.06 for CLQ,µ9 ∼ −1, the bounds from ∆mD and ∆mBs are mild.
It has been investigated that the lepton-flavor violating (LFV) effects for explaining RD(∗)
and RK(∗) excesses can be constrained by the precision measurements, such as Z → τµ,
τ → µ(π, ρ), and τ → 3µ [91, 92]. We examine these constraints in our model. From
Eq. (4), it can be seen that the right-handed τ -lepton and left-handed muon can couple to
the heavy VLL. Therefore, the coupling Zτµ can be generated at the tree level via the lepton
Yukawa couplings. However, in order to obtain the same chiralities in both tau-lepton and
muon when they couple to the Z-boson, one of leptons has to flip the chirality; as a result,
the tree-induced Zτµ coupling is suppressed by mτ,µ/v. Using yτ ∼ y′µ ∼ 0.1 and vS ∼ 264
GeV, the resulted BR for Z → µτ is BR(Z → µτ) ∼ 3.9 × 10−13, which is far below the
current upper limit with BR(Z → µτ) < 1.2× 10−5 [87]. In addition to the tree effects, the
Zτµ coupling can be induced through the loop penguin diagrams, where the main Feynman
diagram is shown in Fig. 2. We note that since the Z ′-boson does not couple to the quarks,
the similar diagram for Z ′τµ, where the Z ′ is emitted from the LQ, is suppressed by mτ,µ/v;
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therefore, their effects can be neglected. Accordingly, the effective interaction for Zτµ can
be expressed as:
HµτZ = gC
u
Lf
′
tg
′∗
t
2 cos θW
(
y′µvS√
2mL
)
J3
(
m2t
m2Φ
)
µ¯γµPLτZ
µ
CuL = 1−
4
3
sin2 θW , J3(x) = − x
1− x −
x ln x
(1− x)2 , (18)
where CuL is the Z-boson coupling to the up-type quarks. Since the induced Zτµ coupling
is related to the up-type quark mass, we only show the top-quark contributions due to
mu,c ≪ mt. Although the Zτµ interaction can contribute to Z → τµ and τ → µℓℓ¯, since
the current upper limit of Z → µτ is much larger than that of τ → 3µ with BR(τ → 3µ) <
2.1 × 10−8 [87], we focus on the analysis of τ → µℓℓ¯, where ℓ can be the neutrinos and
charged leptons. Thus, the Z-mediated BR for τ → µℓℓ¯ is given as:
BR(τ → µℓℓ¯) = ττm
5
τG
2
F
192π3
(|CℓR|2 + |CℓL|2) |Xτµ|2 ,
Xτµ =
CuLf
′
3g
′∗
3
2(4π)2
(
y′µvS√
2mL
)
J3
(
m2t
m2Φ
)
, (19)
where CℓR,L are the Z-boson couplings to the leptons, and they are given as C
ν
R = 0, C
ν
L = 1,
Cℓ
−
R = 2 sin
2 θW , and C
ℓ−
L = −1+2 sin2 θW . Using f ′ ∼ g′ ∼ 1, y′µ ∼ 0.1, and vS ∼ 264 GeV,
we get BR(τ → µνν¯) ∼ 9 × 10−10 and BR(τ → 3µ) ∼ 1.5 × 10−10. It is clear that with a
smaller y′µ, the f
′
3 and g
′
3 parameters can scape from the strict constraints of the rare tau
decays.
τ µ
〈S〉
tcL
Φ−1/3
Z
τ ′
FIG. 2: Sketched Feynman diagrams for the induced Zτµ coupling.
Finally, we briefly discuss the constraints from the LQ production at the LHC [103].
According to Eq. (4), the LQ couplings to ντ b, τ(t, c) are g3, g
′
3, and w2, respectively. If
we assume that the scalar LQ predominantly couples to the third-generation leptons and
quarks, the upper limits on the LQ mass in pair production at the LHC are as follows: using
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the ντb channel [104], ATLAS obtained mΦ < 625 GeV, and CMS got mΦ < 634 GeV when
the τt channel [105] is used. That is, the LQ with a mass of TeV in our case still satisfies
the LHC limits, which are from the LQ-pair production [106]. In addition, the single Φ−1/3
production can be produced via the gb→ Φ−1/3ν¯τ and gc→ Φ−1/3τ+ processes. If we take
BR(Φ−1/3 → f) ∼ 1/2 with f = ντ b and τt, using the values of w2 and g3 which can explain
RD(∗), the single production cross section can be calculated to be around 1 fb for mΦ ∼ 1
TeV [44]. The result is below the CMS upper limit of 4.2 fb [107], where the µµj channel is
used to search for the second-generation LQ.
C. Numerical analysis for RD(∗), C
LQ,µ
9 , muon g − 2, and h→ µτ
To estimate the numerical results for the B− → D(∗)ℓ′ν¯ℓ′ decays, we use the B → D(∗)
form factors based on the heavy quark effective theory (HQET) [93, 94]. The BRs for
B− → D(∗)ℓ′ν¯ℓ′ in the SM are obtained as:
BR(B− → [D,D∗]ℓν¯ℓ) ≈ [2.33 , 5.46]% , (20)
BR(B− → [D,D∗]τ ν¯τ ) ≈ [0.72 , 1.39]% , (21)
where the experimental data are BRexp(B− → [D,D∗]ℓν¯ℓ) = [2.27±0.11, 5.69±0.19]% and
BRexp(B− → [D, D∗]τ ν¯τ ) = [0.77 ± 0.25, 1.88 ± 0.20]% [87]. It can be seen that the τ ν¯τ
measurements are somewhat larger than the theoretical estimations. Hence, our calculation
ratios RD and RD∗ in the SM are given as:
RD ≈ 0.307, RD∗ ≈ 0.254 . (22)
The obtained results are consistent with those shown in [13–17]. To understand the influence
of scalar LQ on the b → cτ ν¯τ decay, we show the contours for BR(B− → [D,D∗]τ ν¯τ ) and
RD,D∗ as a function of w2g3 and mΦ in Fig. 3 (a) and (b), respectively, where due to the
B+ → K+νν¯ constraint, we have ignored the g2g′∗3 contributions, and the renormalization
group (RG) running effects from LQ scale to mb scale have been included [94]. From the
results, when RD and RD∗ are enhanced by the singlet scalar LQ, the BR(B
− → D(∗)τ ν¯τ )
can be consistent with the current data within 2σ errors. In addition, we also put RD (solid)
and RD∗ (dashed) together as a function of w2g3 and mΦ in Fig. 4. From the plot, it can be
clearly seen that the LQ contributions can simultaneously explain the RD and RD∗ excesses
in the same parameter region.
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FIG. 3: Contours for (a) BR(B− → Dτν¯τ ) (in units of 10−2) and RD and (b) BR(B− → D∗τ ν¯τ )
(in units of 10−2) and RD∗ as a function of w2g3 and mΦ.
FIG. 4: Contours for RD (solid) and RD∗ (dashed) as a function of w2g3 and mΦ.
In addition to the RD(∗) observables, BaBar also reported q
2 distributions of the detected
events for B → (D,D∗)τν in [6]. To understand the LQ influence, we show (1/Γ)dΓ/dq2
as a function of q2 for B → Dτν¯τ in Fig. 5(a) and for B → D∗τ ν¯τ in Fig. 5(b), where
the solid, dashed, and dot-dashed lines denote the results of the SM and LQ with w2g
∗
3 =
−0.2,−0.3, respectively. The experimental data are obtained from [37]. It can be seen that
the LQ curves are slightly different from the SM results. That is, the q2 distribution of the
differential decay rate may not be a good candidate for testing the new physics. Belle recently
measures the tau-lepton polarization, defined as Pτ = (Γ
h=+ − Γh=−1)/(Γh=+ + Γh=−1), in
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B → D∗τ ν¯τ , and the result is Pτ (D∗) = −0.38 ± 0.51+0.21−0.16 [9], where the SM prediction is
P SMτ ≈ −0.497 [37, 95]. According to the formulas in [37], we find that the LQ contributions
to tau polarization in B → D∗τ ν¯τ are Pτ (D∗) ≈ −0.488 for w2g∗3 = −0.2 and Pτ (D∗) ≈
−0.479 for w2g∗3 = −0.3. Clearly, Pτ (D∗) is not sensitive to the LQ effects in our model.
In addition, we also calculate the tau polarization in B → Dτν¯τ as Pτ (D) ≈ 0.401 for
w2g
∗
3 = −0.2 and Pτ (D) ≈ 0.434 for w2g∗3 = −0.3, where the SM result is P SMτ (D) ≈ 0.324.
In our model, the deviation of Pτ (D) from the SM can be ∼ 30%.
FIG. 5: (1/Γ)dΓ/dq2 (in units of GeV−2) with respect to q2 for (a) B → Dτν¯τ and (b) B →
D∗τ ν¯τ , where the solid, dashed, and dot-dashed lines denote the results of the SM and LQ with
w2g
∗
3 = −0.2,−0.3, respectively. The BarBar data are quoted from [37].
To analyze the RK and RK∗ issues, we take the results obtained from a global fitting to
the experimental data [47], where the required Wilson coefficient CNP9 from new physics
used to explain the b → sµ+µ− anomalies can be in the region of CNP9 = [−1.61,−0.77].
According to Eq. (7), we then show CLQ,µ9 as a function of f2f3 and gZ′/mZ′ in Fig. 6, where
the solid and dashed lines denote mL/mΦ = 2 and mL/mΦ = 3, respectively; the constraints
from the neutrino trident production and ∆mBs are included, and the shown range for the
Wilson coefficient is taken as CLQ,µ9 ⊂ [−1.61,−0.77]. From the plot, it can be seen that the
allowed parameter spaces are still wide.
After showing the contributions to RD(∗) and C
LQ,µ
9 in the model, in the remainder of
this paper, we discuss some interesting implications on the muon g − 2 and the Higgs LFV
h → µτ decay. Since we concentrate on the case with mZ′ ≫ mµ, the Z ′-mediated muon
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FIG. 6: Contours for CLQ,µ9 as a function of f2f3 and gZ′/mZ′ (in units of 10
−3), where blue and
red region respectively denote mL/mΦ = 2 (solid) and 3 (dashed). The bounds from the neutrino
trident production and ∆mBs with mL/mΦ = 2, 3 are also given.
g − 2 can be simplified as:
∆aZ
′
µ ≈
g2Z′m
2
µ
12m2Z′
< 3.4× 10−10 , (23)
where the upper limit is from the neutrino trident production constraint [96, 97]. Although
the resulted muon g − 2 is smaller than the current experimental value of ∆aµ = (28.7 ±
8.0)×10−10 [87], a factor of around 5 improved measurements will be performed in the E989
experiment at Fermilab [98] and the E34 experiment at J-PARC [99]. The result in Eq. (23)
falls within 3σ accuracy of the new muon g − 2 measurements and can still be tested.
In addition to the explanation of the RD(∗) and RK(∗) anomalies, from Eq. (4), the Higgs
lepton-flvaor changing h→ µτ decay can be induced at the tree level in this simple model,
and the associated BR can be expressed as:
BR(h→ µτ) ≈ mhv
2
S|yτy′µ|2
32πm2LΓh
, (24)
where Γh ≈ 4.21 MeV is the Higgs width. From the limit of the neutrino trident production
and mZ′ = 2gZ′vS, it is known vS ≥ 263 GeV. Thus, with vS ∼ 264 GeV and yτ ∼ y′µ ∼ 0.1,
the BR for h → µτ can be BR(h → µτ) ∼ 0.20%, which is close to the CMS upper
bound of BRexp(h → µτ) < 0.25% [100]. Intriguingly, the tree-induced coupling hµτ can
generate the radiative LFV τ → µγ process via Higgs-mediated one-loop and two-loop
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Feynman diagrams [101, 102]. Since the one-loop effects are suppressed by the factor mℓ/v,
which is from the SM coupling hℓℓ, the loop-induced BR for τ → µγ is dominated by
the two-loop effects. With above values of parameters and the results in [102], we obtain
BR(τ → µγ) ∼ 3.2 × 10−10, and the result is well below the current experimental upper
limit with BR(τ → µγ) < 4.4 × 10−8 [87]. We note that τ → µγ can be also produced
through top-quark and LQ loop, where the related couplings are w3, f
′
3, and y
′
µ, since we
have taken w3 ≪ 1, such loop contribution could be taken to be small.
IV. SUMMARY
We studied the U(1)Lµ−Lτ extension of the SM to resolve the RD(∗) and RK(∗) anomalies.
In order to achieve this purpose, we introduce one vector-like doublet lepton, one scalar
leptoquark, and one singlet scalar, in which they all carry U(1)Lµ−Lτ charges. As a result,
the b → sµ+µ− process can arise from the Z ′-penguin diagram via the leptoquark loop,
whereas the b → cτ ν¯τ decay can be induced from the same leptoquark. When considering
the constraints from the flavor physics, such as the b → sγ, B+ → K+νν¯, Bc → τ ν¯τ ,
∆F = 2, and τ → µℓℓ¯ processes, it is found that RD and RD∗ can simultaneously fit the
data in the same parameter space, and the Z ′-penguin induced Wilson coefficient can be
CLQ,µ9 = [−1.61,−0.77], for which the result is from the χ2 analysis and can be used to
explain the b→ sµ+µ− anomalies. In this model, due to the vector Z ′ coupling, the Wilson
coefficient CLQ,µ10 automatically vanishes; therefore, the rare Bs → µ+µ− process cannot give
a strict bound on the parameters. The BR for the Higgs lepton-flavor violating h → µτ
decay can be as large as the current experimental upper limit. The Z ′-mediated muon g− 2
can reach the 3×10−10 level, which can be tested in future new muon g−2 experiments. In
addition, we find that the tau polarization in B → Dτν¯τ is more sensitive to the LQ effects
and can have a deviation of 30% in our model.
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